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Synthesis of Fe-NC catalysts:
The as-prepared ZIF-8/Fe was annealed in a tube furnace under N 2 at 800, 900, and 1000 o C for 4 h with a heating rate of 10 o C min -1 . The resulting powder was milled using a SPEX 5100 mix mill for 20 min to break down the aggregated particles.
NC-900 sample was directly prepared from ZIF-8 nanocrystals at 900 o C without Fe source for comparison.
Synthesis of other M-NC catalysts:
To synthesize M-NC catalysts containing other transition metals, 100 mg of corresponding solid metal carbonyls (Mn 2 (CO) 10 , Co 2 (CO) 8 , Mo(CO) 6 , W(CO) 6 ) are dissolved in an appropriate amount of diethyl ether. And then 200 mg of ZIF-8 nanocrystals was added into the above solution. After stirring at ambient temperature for 16 h, the product was collected by filtration and rinsed by diethyl ether. The as-obtained precursor was subjected to the same heat treatment at 900 o C for 4 h in nitrogen.
Materials Characterizations: Powder X-ray diffraction was operated on a Rigaku MiniFlex II (Rigaku, Japan) using Cu Kα radiation (λ=0.15406 nm). Nitrogen-sorption isotherms were measured at 77 K with a Micromeritics ASAP 2020 analyzer (Micromeritics Instrument Corporation, Norcross, GA). Specific surface areas were calculated by the Brunauer-Emmett-Teller (BET) method and the micropore surface areas were obtained by the t-plot method.
Morphology and structure of the samples were characterized by scanning electron microscope (SEM, FEI Nova NanoSEM) and transmission electron microscope (TEM, FEI T12, 120 kV).
Elemental composition was analyzed by energy-dispersive X-ray spectroscopy (EDS) attached on SEM. Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) was conducted on a TA Instruments SDT-Q600 under N 2 flow with a heating rate of 10 o C min -1 .
Electrochemical measurements: All electrocatalytic measurements are carried out in a threeelectrode cell using a rotating disk electrode (RDE, PINE Research Instrumentation) with a Bio Logic VMP3 (Bio Logic Science Instruments) and a WaveDriver 20 (PINE Research Instrumentation) electrochemical workstations at ambient temperature. A graphite rod and a
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Ag/AgCl (saturated KCl) were used as the counter and reference electrodes, respectively. A glassy carbon (GC) electrode was used as the substrate for the working electrode. To prepare the working electrode, 5 mg of the catalyst was dispersed in 2 mL of ethanol and 30 uL of 5wt% Nafion solution by ultrasonication. A certain volume of the suspension was pipetted on the GC surface and dried at ambient temperature. RDE measurements for ORR were perform in O 2 saturated 0.1 M NaOH as electrolyte with a scan rate of 10 mV s -1 . The polarization curves were recorded using positive scan, and corrected with background current and iR loss.
Background current was scanned in N 2 saturated 0.1 M NaOH. Solution resistance determined by the high frequency intercept in the Nyquist plot from electrochemical impedance spectrum and used for iR correction. Onset potential is defined as the potential to reach a current density of 0.1 mA cm -2 . Potentials in this study refer to reversible hydrogen electrode (RHE). The Zinc-Air Battery Assembly: Fe-NC-900-M was dispersed in ethanol to form an ink, which was hot sprayed onto carbon paper to form the air cathode. The mass loading was 0.73 mg cm -2 .
Polished Zn foil and 6 M KOH were used as anode and electrolyte respectively. Zinc-air battery with 40 wt% Pt/C as cathode catalyst was assembled following the same method and total catalyst loading for comparison. Zinc-air battery test was performed on a WaveDriver 20 (PINE Research Instrumentation) electrochemical workstations at ambient temperature. As shown in Figure S13a , Fe-NC-900-M contains uniformly distributed nanoparticles of under 40 nm in diameter. The EDS spectrum of one typical nanoparticle reveals its composition to be primarily iron and carbon ( Figure S13c ). The HRTEM image and the corresponding fast-Fourier-transform of a typical nanoparticle further reveals its crystalline structure ( Figure S13b and d) . The continuous lattice distance of 0.22 nm should be attributed to the (011) planes of metallic iron (cubic) or (220) planes of Fe 3 C, which agrees well with the EDS and XRD results. As shown in Figure S14a , the HAADF-STEM image of Fe-NC-900-M-AW reveals that Fe/Fe 3 C nanoparticles in Fe-NC-900-M are thoroughly removed after acid washing. However the remaining uniformly distributed angstrom level bright dots on the carbon scaffold should correspond to the iron atom reserved in Fe-N x moieties. The EDS linear scan reveals the existence of C, N, O and Fe in the sample, and their even distribution across the line, proving the uniform distribution of these elements in the catalyst. Normal TEM image of Fe-NC-900-M-AW ( Figure S14b ) confirms the absence of nanoparticle in the sample, and the HRTEM image in Figure S14c shows an empty graphitic shell where the Fe-based nanoparticle has been removed by acid washing. The preservation of Fe-N x in Fe-NC-900-M-AW is further proved by its XPS Fe 2p spectrum ( Figure S15 ), which shows the pronounced peak at around 710 eV, similar to that of Fe-NC-900 in Figure 3 . 
